Abstract: The paper deals with two stages of life cycle of CSPS (corrugated steel plates structures) buried in soil. The first stage is the construction stage when peaking factor ω is controlled during backfilling process. The second stage is the serviceability stage where deformations (deflections) of the crown are more difficult to identify due to duration of that stage. The possible range of deformations in serviceability stage is visible at the last stage of construction through deflection factor value η, where η < 1. To evaluate the safety of performance of a CSPS soil-steel structure, one should use an increase of deflections generated after completion of construction stage determined by a function β(t). The paper concentrates on the second stage of the life cycle. Based on total station measurement of geometrical changes of a shape of CSPS, one can easily convert them into the calculation of a stress level in the steel wall. The papers shows the possibility of estimation of bending moments (main component of the normal stresses) based on deformation of a crown of a structure. A linear relation between deflection and stress level in the crown is found based on the example of the analyzed structure in the paper. That allows to estimate safety level of a structure based on deflection of the crown. The paper deals with CSPS with symmetric deformation during backfilling. In other cases a detailed procedure oriented on specific case is required. The analysis neglects local deformations coming from construction vehicles and equipment used for backfilling.
Introduction
The construction stage is the most critical case in terms of safety for most of the cases of installation of the CSPS (corrugated steel plates structures). Mostly, upward deflection (peaking) occurs in arches and closed type structures [1] [2] [3] [4] . They are caused by the backfilling procedure as presented in Fig. 1 . The safety of construction of a CSPS is described through Eq. where, w max is the maximum peaking of the crown point and L is the span of a CSPS. On planning stage for a construction of a soil-steel structure, the parameter ω is estimated and further controlled during the construction stage. Recommended value is ω < 2%.
In practice, values greater than 2% are obtained, sometimes reaching out ω > 3% [4] .
In the case of box culverts and low profile arches, the serviceability limit stage is even more important. The downward deflection can be higher than peaking. This case is considered in this paper. The total station method is used to gather data of deflections during both stages.
The change of the chord between chosen points is analyzed if measurements cover several point alongside the periphery [2] . This can be used to evaluate the curvature of the examined CSPS. Changes of the curvature may be used to estimated bending moments and further to calculate the bending stresses in the steel wall [5, 6] .
In some experimental structures, also strains are measured to evaluate the internal forces. A special equipment is needed for that [7] [8] [9] . The same situation occurs when earth cells are used to measure earth D DAVID PUBLISHING
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pressure around a CSPS [10] . The paper considers evaluation of safety of performance of a CSPS based on deflection. The paper deals with CSPS with symmetric deformation during backfilling. In other cases, a detailed procedure oriented on specific case is required [8] . The analysis neglects local deformations coming from construction vehicles and equipment used for backfilling.
Change of Deflection of CSPS
The paper presents results of measurements of chosen soil-steel structures as presented in Table 1 . Table 1 The set of tested structures.
Marked object
Geometry Note: MP: a corrugated steel structure with corrugation 200 × 55; SC: a corrugated steel structure with corrugation 380 × 140.
Fig. 1 Schematic deformation of a CSPS during backfilling.
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are two types of results: η > 1 and η < 1. Based on that, one can divide CSPS structures built as soil-steel structures depending on whether η > 1 (ω is checked during construction stage) or η < 1. Fig. 2 presents examples of two deflection functions in time in both types of situations. Table 1 shows measurements obtained on few selected structures. Measured deflections allow to calculate η from Eq. (2). The structures presented in Table 1 , marked as C-J were built at the same part of the road. Due to transportation issues, the time for placing the backfill material was extended up to 120 days (Structure I) or 50 days (Structure J), as presented at Fig. 2 . As a result of very different behavior of the Structures I and J reflected through the parameters η and β, given in Table 2 , they were used in Fig. 2 t B and t E are set in days. Table 2 summarizes values of β based on minimum 4 years measurements during serviceability stage of structures collected in Table 1 . For the sake of analysis, structure marked as "I" is considered further on.
Backfilling Exploitation
In short intervals of time Δt = t 2 -t 1 (day), temporarily changes of Δw = w 1 -w 2 (mm) are obtained, thus the following Eq. (4) 
(t).
By comparing values presented in Fig. 3 and Table 2 , one can observe stabilization of deflection in time.
Change of Curvature as a Function of Deflection
Deformation of the CSPS generated during construction stage is determined by two characteristic displacements shown in Fig. 1 . These are peaking "w" and narrowing "2u". The proportions between "w" and "u" are subject to specific changes [1] . The change of curvature of the steel shell resulted in deformations of a structure is useful to determine the bending moment in the crown [5] . To determine it one can use a procedure based on a radius of a circle based on equilateral triangle as presented in The analysis of deflection together with change of curvature illustrates the changes of bending moment and bending stress. Fig. 6 presents this relation during construction stage and serviceability stage. Horizontal axis provides change of deflection based in Fig. 2 and change of curvature related to it based on Eq. (5) as shown in Fig. 5 . This creates very specific graph for soil-steel structures. In the initial construction phase, the peaking "w" increases and curvature as well. When backfill is placed above the crown, a reduction of peaking and curvature occur. One can observe that in the second part of the graph. In the analyzed case, the increase of the curvature ΔR and change of deflection Δw can be express as Eq. (6):
13 . 6 (6) Thus change of the curvature radius R is related to 
Change of Curvature and Stress Level in the Steel Wall
The initial radius of curvature is R 0 . Due to loads applied a bending moment M is generated. For a bar of a small curvature (large radius R), the change of the curvature caused by bending moment M related to bending stiffness EI is shown in Eq. (7):
Based on the curvature of a bar before and after deformation and taking into account the bending stiffness of the bar, one can arrive at the bending moment as presented in Eq. (8):
To estimated bending stress, one can utilize non-dimensional parameter describing change of the radius R versus its initial value R 0 in Eq. (9): It is used to estimate the relative bending moment [5] , as per following Eq. (10):
where, EI = stiffness of the corrugated steel profile. The value of normal bending stress σ, developed by bending moment M can be calculated based on Eq. (10) after introducing bending section modulus W, as presented in Eq. (11):
Bending section modulus W is a specific value for given corrugation type. For corrugation 380 × 140 × 7 and a design radius R d = 9,930 mm, (as in the Structure I), the value of the stress is: 
Based on graphs given in Fig. 5 , one can notice that biggest negative change of radius of the curvature was generated during the backfilling process until it reached the crown of the structure. In the given case, the minimal value of factor was calculated as: 
As presented in Ref. [5] , the procedure to determine the change of the radius of curvature in the crown was based on results obtained from various measurements levels set by F, as given in Fig. 4 . To arrive at value of ρ in the crown, one must consider case when F → 0. This result can be obtained only through approximation given in Fig. 7 . For this purpose, values u are being used. They are measured at various measurement levels specified by F as presented in Figs. 1, 4 and 7. Based on that a result ρ k = 17.% was reached. The value of ρ which is calculated based on displacement u and w was matched against strain gages measurements on Structure A and a satisfactory match of result was achieved [5] .
In the case of maximum change of the radius of curvature one obtains the normal stress as:
The above calculated value (Eq. (16)) shows that the bending stress is high and by considering local effects and normal force [2] , the stress levels are close to the nominal yield strength of the steel used for production of the structure.
Conclusions
The paper analyzes both important stages of the life cycle for soil-steel structures. The second stage is the serviceability stage where deformations (deflections) of the crown are more difficult to identify due to duration of that stage. The possible range of deformations in serviceability stage is visible at the last stage of construction through deflection factor value η, where η < 1. To determine the safety of the soil-steel structure in the serviceability stage, one can check an increase of deflection set as parameter β.
The factors referred to are determined based on deformations of the crown of a structure. The presented case shows good applicability of surveying to estimate the behavior of a soil-steel structure. Based on deformation of CSSP the bending moments can be evaluated and consequently the bending stress can be calculated. The presented case of the Structure I shows a linear relation between deflection and stress in the crown.
The methodology presented can be used to evaluate existing structure. Based on measurements at given intervals of time the function β(t) can be derived. Based on that a change of ρ as per Eq. (9) can be calculated however related to design value R 0 = 9.96 m. In the analyzed case the change of ρ will be equal to: This estimate can be sufficient to evaluate the safety of the soil-steel structure.
The paper deals with CSPS with symmetric deformation during backfilling. In other cases a detailed procedure oriented on specific case is required [8] . The analysis neglects local deformations coming from construction vehicles and equipment used for backfilling.
